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o ELECTROMAGNETIC SUSCEPTIBILITY MEASUREMENT PROCEDURES
FOR VEHICLE COMPONENTS (EXCEPT AIRCRAFT)

1. INTRODUCTION:

1.1 Scope: This SAE Recommended Practice establishes uniform laboratory
measurement techniques for the determination of the susceptibility to
undesired electromagnetic sources of electrical, electronic, and
electromechanical ground-vehicle components. It is intended as a guide
toward standard practice, but may be subject to frequent change to keep pace
with experience and technical advances, and this should be kept in mind when
considering its use.

1.2 Measurement Philosophy: The need for measurement of the susceptibility of
vehicle electronic components to electromagnetic sources has become more
essential as more electronic components are introduced into motor vehicles.
Electronic and electrical equipment may be susceptible to performance
anomalies when subjected to electromagnetic sources, either of a transient
or steady-state nature.

Electromagnetic interference (EMI) may be transient, intermittent, or
continuous in nature arising from sources such as transmitters or other
equipment located either on board or adjacent to the vehicle, or from
component parts of the vehicle ignition or electrical power systems.

This recommended practice sets forth uniform procedures for establishing the
susceptibility levels of individual vehicle components. It does not set
limits on levels of E~l energy in which vehicle components must perform;
however, suggestions for developing functional performance status
classifications for immunity are given in Appendix B.

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state oftechnical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user."

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your
written comments and suggestions.

Copyright 1988 Society of Automotive Engineers, Inc.
All rights reserved.

Printed in U.S.A.
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Jl113

1.2 (Continued):

Page 2

A direct method of specifying the EM energy environment limits is to measure
the actual fields, voltages, current, and impedances around the component or
system of interest under all hazardous conditions. This will, of course,
require a large enough sample of installations to determine possible
variations. Some example data showing fields exists in NBS Technical Note
1014, "Electromagnetic Interference (EMI) Radiative Measurements for
Automotive Applications."

It is recommended that a statistically valid number of components be tested
using procedures adopted as standard by the testing organization. For
destructive testing, such as transients on the power leads of Section 4,
consult a handbook on statistical methods for details of the Karber method
or the Bruceton (stair-step) method of sensitivity measurements. These
methods eliminate the effects of cumulative degradation which often occurs
during destructive testing.

It is suggested that only those portions of this recommended practice which
are critical to the particular use of the. component under test be applied,
rather than subject the component to the provisions of the entire document.
Thus, if the particular component under test is known to be susceptible
mainly to transients, but otherwise well protected against conducted and
radiated EMI, then only Section 4 need be applied. Or, if susceptibility to
radiated energy is known to be a primary cause of malfunctions, then only
Sections 6 through 9 need be applied.

Caution must be exercised in many portions of this procedure where high
voltages or intense fields may be present.

ANSI and OSHA standards should be consulted concerning applicable limits on
field exposure. For near field power density calculations, refer to
paragraph 1.3.7.

1.3 Definitions and Terminology: The following definitions apply to the terms
indicated as they are used in this recommended practice:

1.3.1 Ambient Level: Those levels of radiated and conducted signal and noise
existing at a specified test location and time when the test sample is in
operation. Atmospherics, interference from other sources, and circuit
noise or other interference generated within the measuring set compose the
ambient level.

1.3.2 Conducted Emission: Desired or undesired electromagnetic energy which is
propagated along a conductor.

1.3.3 Electromagnetic Compatibility (EMC): Is the condition that enables
equipment, subsystems, and systems (electronic, chemical, biological,
etc.) to function without degradation from electromagnetic sources and
without degrading the electromagnetic environment; that is, it is the
condition which allows the coexistence of different electromagnetic
sources without significant change in performance of anyone in the
presence of any or all of the other.
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Page 3 Jl113

1.3.4 Emission: Electromagnetic energy propagated from a source by radiation or
conduction.

1.3.5 Equipment Under Test (EUT): The device or system whose susceptibility is
being checked.

1.3.6 Field Decay (Voltage): The exponentially decaying negative voltage
transient such as developed by an automotive alternator when the field
excitation is suddenly removed, as when the ignition switch is turned off.

1.3.7 Field Strength: The term field strength shall be applied to either the
electric or the magnetic component of the field, and may be expressed as
Vim or Aim. When measurements are made in the far field and in free
space, the power density in W/m2 may be obtained from field strengths
approximately as (V/m)2/377 or (A/m)2 x 377. When measurements are
made in the near field and in free space, both the complex electric and
magnetic vector components of the field must be fully defined. Power
density may then be obtained by use of the Poynting vector.

1.3.8 Ground Plane: Ametal sheet or plate used as a common unipotential
reference point for circuit returns and electrical or signal potential.

1.3.9 Load Dump (Voltage): The exponentially decaying positive voltage
transient developed by an automotive alternator when disconnected,
suddenly from its load, while operating without a storage battery or with
a discharged storage battery. Removal of the load, the resulting
transient, or both in combination are commonly referred to as alternator
load dump.

1.3.10 Radiated Emission: Radiation - and induction-field components in space.
(For the purpose of this document, induction fields are classed together
with radiation fields.)

1.3.11 Spurious Emission: Any unintentional electromagnetic emission from a
device.

1.3.12 Susceptibility: The characteristic of an object that results in
undesirable responses when subjected to electromagnetic energy.

1.3.13 Test Plan: The specific document that details all tests and limits for
the particular device in question.

2. CONDUCTED SUSCEPTIBILITY, 30 HZ TO 250 KHZ - ALL INPUT AND OUTPUT LEADS
INCLUDING POWER:

2.1 Purpose: This section covers the requirements for determining the
susceptibility characteristics of automotive electronic equipment,
sub-systems, and systems to EM energy injected onto all leads. This test
may be used over the frequency range of 30 Hz to 250 kHz.
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Jll13 Page 4

2.£ Measurement Philosophy:, For the frequency range of this test, the
impedances seen by the signal, load and power supply leads are generally
known and can be treated as lumped constants. In this test, a wide range
audio voltage source is coupled through a transformer to each specified pin
of the EUT. The signal source impedance must be low in comparison to the
impedance of the circuit being tested. Experience has shown that a signal
source impedance of 0.5 ohms maximum is adequate for the test. The EUT
should be connected so it will operate in its normal manner. Actual loads
and sources should be used where appropriate or may be simulated. A
capacitor shunt element should be used on a specific lead, if a large
percentage of the test signal does not appear across the signal, load or
power supply lead relative to ground. (See Fig. 1.)

2.3 Grounding and Shielding: For the stated frequency rang~ there are no
special grounding and shielding requirements. However, the requirements of
paragraph 3.3 may be utilized here, if expedient.

2.4 Apparat~s: To utilize the full frequency range of this test, the apparatus
shall be as follows:

(a) Audio Oscillator: 30 Hz to 250 kHz.

(b) Audio Power Amplifier: 50 Wor greater with output impedance equal to,
or less than, 2.0 n (capable of delivering 50 Winto a 0.5 n resistive
load connected across an isolation-transformer secondary). 30 Hz to
250 kHz

(c) Isolation transformer: 4:1 impedance ratio; secondary as connected
shall be capable of handling the current flow without saturating the
core. 30 Hz to 250 kHz

(d) Measuring Instrument: Oscilloscope, Voltmeter, or EMI Meter.

(e) Power Supply: The power supply used for this test shall have the
equivalent of 100 ~f (min) capacitor across the output terminals.

(f) Capacitor: A 100 ~f capacitor may be used to shunt the source end of
the isolation transformer to ground, if difficulty is encountered in
obtaining sufficient test voltage.

2.5 Test Setup and Procedures: The test setup is shown in Fig. 1.

(a) The system power supply voltage shall be set as specified in the test
plan.

(b) The audio oscillator shall be tuned through the required frequency
range (30 Hz to 250 kHz).

(c) The injected voltage level shall be progressively increased toward the
level specified in the test plan. Alternatively, the test voltage may
be held at a specified test level and, if an effect on the EUT is
detected, the test voltage reduced to determine the threshold.
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Page 5 Jl113

2.5 (Continued):

(d) The EUT shall be monitored for (1) malfunction, (2) degradation of
performance, or (3) deviation of parameters beyond tolerances indicated
in the equipment specification or the test plan.

(e) The effects resulting from the injection of electromagnetic energy, the
frequency and the threshold level shall be recorded.

2.6 Notes:

2.6.1 The upper frequency limit for items 2.4a, 2.4b, and 2.4c can be reduced in
accordance with the user's frequency range requirements. .

2.6.2 It is recognized that other types of equipment can produce equivalent
signals, for example, a Power Oscillator can replace the oscillator and
amplifier; a Power Operational Amplifier can replace the amplifier and
power supply, etc.

2.6.3 The following procedure can be used to verify the signal source impedance
at the isolation transformer secondary terminals.

(a) Set a voltage level at the primary terminals and measure the open
circuit secondary voltage (Voc )

(b) Connect a known load RL across the secondary and measure the
closed-circuit secondary voltage (Vcc )

(c) The impedance shall be calculated as follows:

Z = RL (Voc - Vcc ) (Q)
Vcc

(d) Repeat the above procedure at one frequency per decade from 30 Hz to
250 kHz (including 30 Hz and 250 kHz). .

(e) The measured impedance sha 11 be 1ess than, or equa 1 to 0.5 Q •

3. CONDUCTED SUSCEPTIBILITY, 50 KHZ TO 100 MHZ - ALL I~PUT AND OUTPUT LEADS,
INCLUDING POWER:

3. 1 Purpose: This section covers the requirements for determining the
susceptibility characteristics from 50 kHz to 100 MHz of automotive
electronic equipment, subsystems, and systems to EMI injected onto all input
leads, including signal and power.

3.2 Measurement Philosophy: Power-source RF impedance seen by a given type of
electronic equipment depends upon this varying impedance and would render
susceptibility measurements meaningless unless the impedance is also
measured or controlled. In order to compare measurements made at various
locations, powerline RF impedance seen by the equipment shall be controlled
by line-impedance stabilization networks. The EUT should be connected so it
will operate in its normal manner. Actual loads and sources should be used
where appropriate or may be simulated.
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Jll13 Page 6

3.3 Groundin~ and Shielding: To achieve uniform measurement conditions at radio
frequencles requires that certain grounding practices be followed. Ground
requirements are that EUT, LISN.s, and terminating loads:

(a) be placed on a metallic ground plane having the following minimum
dimensions:

1. Thickness: 1.b mm (0.060 in) aluminum, copper, or brass sheet.
2. Length: 1 m or underneath entire equipment plus 0.5 mwhichever is

1arger.
3. Width: width of equipment plus 0.25 m on each side.

(b) be bonded to the ground plane as in its intended installation.

(c) not otherwise be grounded, unless required in installation
instructions. The line-impedance stabilization networks shall be
bonded to the ground plane as close as possible to the EUT ground. No
shielding is to be used other than that called out in installation
instructions.

3.4 Power Input Lead Test:

3.4.1 Apparatus:

(a) Signal Source: A 50 n output-impedance source with an output of 100
V or greater into a matched load.

(b) One of the following to measure RF voltage:

1. Calibrated Oscilloscope
2. High Impedance RF Voltmeter
3. EMI Meter
4. Spectrum Analyzer

(c) Line-Impedance Stabilization Networks (LISN's): as specified in
Figs. 2 and 3 with 50 n resistive RF terminations. (See Appendix A
for suggestion of construction details.) When using a LISN, caution
should be exercised to avoid load-current limiting due to series
inductance in the LISN. This limiting may occur when loads switch
between high and low impedance states. Use of a LISN may then result
in increased susceptibility.

(d) Test-Source Injection Networks illustrated in Fig. 4.

(e) Power Supply: DC.
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Page 7 Jl113

3.4.2 Test Setup and Procedure: The test setup is shown in Fig. 5. The
procedure is as follows:

(a) Each control and signal lead shall be loaded with a termination
impedance. At these frequencies, however, the impedance as seen by
the control and signal leads may no longer be determined by the
system designer, due to uncontrollable stray impedances. It may be
possible to simulate these impedances with a simple capacitor and
inductor added to the actual leads if the frequency in MHz does not
greatly exceed 300/20rrQ where the Q is the characteristic lead length
in meters. Above that frequency, the test designer should design the
test plan and setup to given uniform results.

(b) The EUT shall be connected as shown in Fig. 5, observing the
grounding and shielding requirements of paragraph 3.3.

(c) Signal sources and measuring instrumentation shall be connected to an
LISN through test-source injection networks. Care shall be exercised
to insure sufficiently short leads on the injection networks and
LISN's to minimize loss of signal due to series inductance and shunt
capacitance. A current probe on the injection lead right next to the
EUT can be used to monitor the signal. For signal-source and
measuring-instrument impedance equal to 50 n, use the
signal-injection network of Fig. 4A. For a signal-source impedence
of 50 n and a high-impedance measuring instrument, use the
signal-injection network of Fig. 4B. Note the corresponding
attenuation factors.

(d) Increase the level of the test signal while continuously scanning
through the required frequency range (50 kHz - 100 MHz). Tests shall
be conducted at not less than three frequencies per octave
representing the maximum susceptibilities within that octave.
Monitor the equipment under test for: (1) malfunction, (2)
degradation of performance, or (3) deviation of parameters beyond
tolerances indicated in the equipment specification or approved test
plan (see paragraph 3.6). Record the highest level before
degradation was observed.

(e) See paragraph 2.5(c).

3.5 All Leads Except Power:

3.5.1 Apparatus:

(a) Signal Sources: as for power1ine measurements.

(b) Measuring Instruments: as for powerline measurements.

(c) Test Source Injection Networks: see Fig. 4.
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Jl113 Page 8

3.5.2 Test Setup and Procedure:

(a) Test setup is shown in Fig. 6. Note that the LISN remains in the
powerline circuit and its RF injection terminal is loaded with 50 n.

(b) Each control and signal termimal not under test is loaded with its
terminating impedance and test signals are injected into the test
terminal as indicated in Fig. 6. At these frequencies, however, the
impedances seen by control and signal leads may no longer be
determined by the system designer. It may be possible to simulate
the stray impedance as described in paragraph 3.4.2{a). Care shall
be exercised to insure sufficiently short leads on the injection
networks and LISN's to minimize loss of signal due to series
inductance and shunt capacity. A current probe on the injection
lead right next to the EUT can be used to monitor the signal.

(c) Increase the level while continuously scanning through the required
frequency range (50 kHz - 100 MHz). Tests shall be conducted at not
less than three frequencies per octave representing the maximum
susceptibilities within that octave. Monitor the EUT for: (l)
malfunction, (2) degradation of performance, or (3) deviation of
parameters beyond tolerances indicated in the equipment specification
or approved test plan. (See paragraph 3.6.) The values at which
these occur shall be recorded.

3.6 Notes:

(a) Each LISN shall be tested over the range for which it is designed. The
impedance should be within 20% of the curves in Figs. 2 and 3. If any
discrepancies occur, then the network should be modified, for example,
by adding ferrites to inductor leads to increase impedance at higher
frequencies.

(b) Unless otherwise required in the equipment specifications or approved
test plan, the test signals shall be modulated according to the
following rules:

1. Test samples with audio channels/receivers.
AM Receivers: Modulate 30% with 1000 Hz tone.
FM Receivers: Modulate with 1000 Hz signal using 30% modulation.
SSB Receivers: Use no modulation.
Other Equipments: Same as for AM receivers.

2. Test samples with video channels other than receivers. Modulate
90 - 100% with pulse of duration 2/BW and repetition rate equal to
BW/1000, where BW is the video bandwidth (Hz).

3. Digital Equipment: Use pulse modulation as appropriate with pulse
duration and repetition rate set equal to that used in the
equipment under test or associated with other known external pulse
sources that may be operating in close proximity.

4. Non-Tuned Equipment: Amplitude modulate 30% with 1000 Hz tone or
as otherwise specified in the test plan.
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Page 9 Jll13

4. CONDUCTED SUSCEPTIBILITY, TRANSIENTS, POWER LEADS 12 V PASSENGER CAR SYSTEMS:

4.1 Purpose: This section describes methods and apparatus to determine the
capability of various electrical devices to withstand transients which
normally occur in motor vehicles. Test apparatus specifications outlined in
this section were developed for 12 V passenger cars. Similar specifications
are being developed for 12 V trucks and 24 V vehicles.

Functional performance status classifications for immunity to transients are
given in Appendix B. EUT performance requirements for each of the test
pulses must be individually determined.

4.2 Measurement Philosophy: Installed equipment is powered from sources which
contain, in addition to the desired electrical voltage, transients with peak
values many times this value, caused by the release of stored energy during
the operation of relay and other loads connected to the source and during
start and turn off of vehicles. These tests are designed to determine the
capability of equipment to withstand such transients. The tests may be made
in the laboratory (bench tests) as well as on the vehicle. These tests are
outlined in ISO/TR 7637, IIRoad Vehicles - Electrical Interference by
Conduction and Coupling: Part 1, Vehicles with Nominal 12 VSupply Voltage
- Electrical Transient Conduction Along Supply Lines Only.1I Bench test
methods should give results which allow comparison between different
laboratories and are intended to provide a basis for development of devices
and systems. These tests may also be used later during production of these
devices and systems.

These tests may not cover all types of transients which can occur in a
vehicle. Therefore, the test pulses described in paragraph 4.3 are
characteristic of typical pulses. To ensure proper operation of a vehicle
in the electromagnetic environment, on-board testing must be performed in
addition to bench testing.

4.3 Apparatus:

(a) Pulse generators capable of generating the transient waveforms shown in
Figs. 7A - 7H shall be adjustable up to the amplitudes indicated. The
specification of rise time (Tr ), duration (T), and internal
resistance (Ri ) represent fixed requirements unless otherwise
specifi ed.

(b) Oscilloscope (preferably storage): for monitoring the pulse generator
band width: at least 100 MHz
writing speed: at least 100 cm/~s

input sensitivity: at least 5 mV/division
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J1113

4.3 (Continued):

Page 10

(c) Voltage Probe: for use in conjunction with the oscilloscope.
attenuation - 100/1
maximum input voltage - at least 1 kV
input impedance as a function of the frequency, f:

f (MHz)
1

10
100

Z (kn)
40

4
0.40

maximum length of the probe cable - 3 m
maximum length of the ground cable - 0.13 m

Note: Any other cable lengths may influence the result of the measurement
and should be stated in the test report.

(d) Switch S: Use standard production switch for the respective EUT.
Current rating must be sufficient to handle the required loads.

(e) Equipment, as may be required, to perform a functional test of the
component following transient application.

4.4 Test Setup and Procedure:

(a) Connect a known functional EUT as shown in Fig. 8.

(b) Ensure that the ambient temperature and supply voltage Vs are
maintained as required by the appropriate test specification.

(c) Set up the pulse generator to provide the polarity, amplitude, and
pulse duration as specified in the appropriate test specification.

(d) Generate the test pulse.

(e) Perform the appropriate functional test to determine whether failure
has occurred and record results.

4.5 Notes:

(a) In determining the susceptibility level, care must be exercised to
eliminate the effects of cumulative deterioration such as dielectric
"punch through" in semi-conductor devices.

(b) When testing to a specified level, unnoticed failures may occur which
may be detected only by running life-cycle tests and comparing the
results of tested components against those of untested components.

(c) Rise time requirements as specified in Figs. 7A - 7H represent a design
objective. For short duration, high voltage pulse, some rise times may
not be practical.
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Page 11 Jl1l3

4.5 (Continued):

(d) The ambient temperature during the test shall be 23 ~ 5°C.

(e) Power leads should be separated from all other leads for these tests.

5. ELECTROSTATIC DISCHARGE:

5.1 Purpose: This section covers the requirements for determining the
susceptibility of automotive electronic components/subsystems to
Electrostatic Discharge (ESD).

5.2 Measurement Philosophy: Occupants in a vehicle can generate significant
electrostatic potentials. Devices in the vehicle may fail when an
electrostatic discharge occurs.

Electrostatic discharge simulator parameters for use in automotive
applications are unique to the automotive environment and differ from values
used in other applications.

5.3 Apparatus:

(a) ESO Simulator characteristics:
- Voltage Range: variable from 1 kV to 15 kV (negative and positive

pol arity)
Capacitor: 330 pF (+ 10%)
Inductor: < 1 p.H -
Resistance: 2000n (+ 10%)
Tip: standard (IEC)-finger model electrode. (See IEC 801-2)

ESD simulators are commercially available. Appendix C defines a test
method for evaluating the characteristics of the simulator to ensure
the generation of accurate and reproducible discharge waveforms.

(b) Conductive Bench Top, at least 1 m2.

5.4 Test Procedure:

(a)

(b)

The device shall be placed on a conductive-bench top as shown in Figs.
9A and 9B. All voltage supply pins should be connected to an
appropriate power source. All ground pins should be connected
together. The ground pins, bench top, ESD simulator, and power source
shall be grounded together and to earth ground. All other pins shall
be connected to simulate normal modes of operation.

The method of air discharge to a point shall be used to simulate a real
world ESD event. The ESD simulator must be charged to the IItest
voltage ll before approaching the EUT. Approach the EUT at a speed
approximating a IInormalll interface by a human finger (greater than 5
cm/s) •
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5.4 (Continued):

Page 12

(c) Twenty discharges shall be applied to specified test points at each
voltage level; ten with positive polarity and ten with negative
polarity. A minimum of five (5) s shall be maintained between pulse
applications.

If significant variations are observed in the measurement data, twenty
discharges may not be sufficient to obtain statistically significant
results. If this is found to be the case, a larger number of
discharges will be required.

(d) During and after each level of testing, the device shall be measured
for performance which may indicate failure to meet design requirements.

6. RAUIATEU SUSCEPTIBILITY, POWER LINE MAGNETIC FIELu 60 HZ TO 30 KHZ:

6.1 Purpose: This section covers the recommended testing technique for
determining the susceptibility of automotive electronic modules, subsystems,
and systems to magnetic fields generated by power transmission lines and
generating stations.

b.i: ~leasurement Philosophy: Electronic systems may be affected \'Jhen immersed in
a magnetic field. These fields are found near high power transmission lines
and power generating stations that generate magnetic fields. The fields
consist of the fundamental (60 Hz signal) and its odd harmonics with
amplitudes approaching those shown in Fig. 10. Consequently, devices in
vehicles that are driven near these sources may be subjected to these fields.

6.3 Test Specification:

(a) Lower frequency: 60 Hz.
(b) Upper frequency: 30 kHz.
(c) Magnetic flux density of Helmholtz coil - see Fig. 10.

b.4 Test Apparatus: The following section describes a typical test setup that
could be used to generate a uniform magnetic field for the testing as
illustrated in Fig. 11.

(a) Helmholtz Coil: The radius of the coil will be determined by the size
of the EUT. In order to obtain a uniform magnetic field (+ 10%), the
relationship between the EUT and the coil is illustrated in Fig. 12.
The coil should be capable of producing frequency dependent magnetic
flux density of 160 dBpT at 60 Hz, decreasing at a rate of
li: dB/octave. For a pair of Helmholtz coils spaced one radius, the
magnetic flux density at the center of the system is given by:

13 = IJ H = (8.991 X 10-7 N I)/R (Teslas),o

where N is the number of turns on each coil, R is the coil radius in
meters, and I is the coil current in amperes. The coils are connected
in series so that the magnetic fields add.
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Page 13

6.4 (Continued):

J1113

Or, the unperturbed magnetic field at the center of the system is given
by:

H = 0.7155 N I (Aim),
R

The current carrying capability and turn ratio should be selected such
that the test specification can be met. The coil should not have a
self resonant frequency at or lower than the upper test frequency.
Helmholz coils can be purchased commercially.

(b) Function generator capable of producing 60 Hz to 30 kHz.

(c) Audio Power Amplifier: 60 Hz to 30 kHz (approximately 200 W). Should
be capable of delivering power to the coil to generate the specified
magnetic field intensity at various frequencies as shown in Fig. 10.

(d) Current Monitor: 60 Hz to 30 kHz.

(e) Magnetic Field Intensity Monitor: 60 Hz to 30 kHz. Should be capable
of measuring the specified magnetic field intensity.

6.5 Test Setup and Procedure:

(a) Connect the test setup according to Fig. 11 without the EUT.

(b) Calibrate the system by generating the magnetic field, measuring the
field using the intensity monitor and recording the current versus
field values.

(c) Place the operating EUT in the central region of the Helmholtz coil.
(Note: The Helmholtz coil criteria should be met.) Generate the
desired magnetic field levels in accordance with the calibration
established in paragraph 6.5 (b).

(d) Monitor the EUT and record the respective magnetic field intensity
for: (1) malfunction, (2) degradation of performance, or (3) deviation
of parameters beyond tolerances indicated in the EUT specifications and
approved test plan.

6.6 Notes: Caution must be exercised when operating high power amplifiers to
avoid hazards to personnel and instrumentation. Instrumentation in the near
vicinity of the coils must be shielded to prevent interference from radiated
fields. Care should be exercised not to operate the coils near large metal
objects or inside a shielded enclosure.
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7. RADIATED SUSCEPTI~ILITY, 14 KHZ - 200 MHZ, ELECTRIC AND MAGNETIC FIELDS USING
A TI::M CELL:

7.1 Purpose: This section covers requirements for the determination, typically,
of the electric-field susceptibility of equipment, subsystems, and systems
(whose largest dimension is less than 15 cm) in the frequency range 14 kHz ­
200 MHz using a TEM cell. However, since components of both the electric
and magnetic fields are established in the TEM cell, the technique can be
used for both electric and magnetic field susceptibility testing.

7.L Measurement Philosophy: A TEM transmission cell is a rectangular adaptation
of a coaxial line which sets up a region of uniform electric and magnetic
fields in a traveling wave of essentially free-space impedance. The EUT is
exposed to this electromagnetic source, but, typically, only the
electric-field component is monitored. However, since components of both
the electric and magnetic field are present, the exposure field can be
calibrated in terms of either electric or magnetic field for either electric
or magnetic field susceptibility testing.

This technique also prevents disturbance to equipment not under test since
the RF field source and EUT are completely self-contained within the
electromagnetic enclosure.

The TEM cell can be used to accurately generate absolute test fields when
the EUT does not occupy an excessive portion of the test volume (see
paragraph 7.5 c). It is especially useful for diagnostic testing to
determine, for example; frequencies of EUT susceptibility, some indication
of how irtterference is coupled into the EUT, and the relative improvement in
EUT immunity resulting from efforts to reduce EUT susceptibility. It cannot
be used to determine EUT susceptibility to absolute test field levels if the
EUT includes long wire harnesses that must be exposed to the test field.
Only relative tests can be performed for this situation. The TEM cell lends
itself to broadband automated testing and to continuous, swept frequency
testing over the complete frequency range covered by the single TEM mode
operation of the cell. TEM cell limitations due to EUT size and cell
mu1timoding are discussed in SAE J1448 JAN84 (see Ref. 8). An alternate
measurement approach is the use of open field tests as outlined in the SAE
J1338 JUN81 (see Ref. 9). This approach however, is limited to discrete
frequencies.

7.3 Apparatus:

(a) Signal Source: Any commercially available signal source, power
amplifier, and general-purpose amplifier capable of supplying at least
100 Wof modulated and unmodu1ated power to develop the susceptibility
levels specified in the test plan shall be used. Frequency accuracy
shall be within + 2%. Harmonics and spurious outputs shall not be more
than - 30 dB referred to the fundamental power.

(b) RF Voltmeter: A commercially available RF voltmeter capable of
measuring 100 V over the frequency range 14 kHz - 200 MHz.
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7.3 (Continued):

(c) Tennination: One 200 W, 50 n load.

(d) Frequency Counter: A frequency counter capable of measuring
frequencies up to 200 MHz.

(e) TEM Transmission Cell: a transverse electromagnetic transmission cell
is shown in Fig. 13.

(f) Low-Pass Filter: Cutoff at 200 MHz, with the signal down 60 dB at
frequencies greater than 300 MHz.

(9) Monitors: Required test equipment to monitor the operation of the EUT.

(h) Dual Directional Couplers: -30 dB or greater coupling ratio,
10 - 200 MHz.

(i) RF Power Meters With Sensors: Capable of Measuring RF power levels up
to 100 mW at frequencies of 10 - 200 MHz.

(j) Dual Channel XY Recorder

7.4 Test Setup and Procedure: A detailed, step-by-step measurement procedure,
suggested as a systematic approach for evaluating the EM radiated
susceptibility of EUT is contained in SAE J1448 JAN84. Briefly, this
includes:

(a) Place the EUT inside the cell as shown, for example, in Fig. 13.

(b) Access the EUT as required for operation and performance monitoring
using appropriate shielded and fiber optic lines routed to filtered
feed-through connectors mounted on the bottom outer shield as shown in
Fig. 13. Care must be taken in routing the leads to obtain the most
meaningful, repeatable results. Record lead positions for future
reference.

(c) Connect up the measurement system as shown in Fig. 14a or 14b. Fig.
14A is used for frequencies below 10 MHz and Fig. 14B is used for
frequencies above 10 MHz.

(d) Generate the test field as required. The field strength, Eo' at the
center of the cell, midway between the septum and lower or upper wall
is ·determined by:

E = Vrf (V1m)
o b
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7.4 (Continued):

Page 16

where Vrf is the input voltage to the cell in volts and b is the cell
floor-to-septum separation in meters. At frequencies above 10 MHz,
Vrf is determined from he expression:

Vrf =YP/Gc (V)

where Pn is the net power flowing through the cell as measured by the
power meters on the sidearm of the calibrated bi-directional coupler,
and Gc is the real part of the cellis characteristics admittance
(approximately = 0.2 mhos).

If the EUT is placed near the floor of the cell, the test field will be
lower, relative to the field midway between the septum and floor. The
correction is from 5 to 15% depending upon the cell form factor (width
to height ratio, a/b) (that is, If alb is 1.0, this correction factor
is 0.85; if alb is 1.5 i this correction factor is 0.92; and if alb is
1.67, the correction factor is 0.95).

(e) Operate the EUT as required while monitoring its response to the RF
test fields. Scan the entire frequency range from 14 kHz to 200 MHz
with particular emphasis made at the EUTls critical frequencies (local
oscillator frequencies, intermediate frequencies, etc.) as specified in
the test plan. Orient the EUT in each orthogonal plane within the cell
to determine maximum susceptibility. Record the threshold of
susceptibility as performance is observed or the maximum level
specified in the test plan is achieved.

7.5 Notes:

(a) Unless otherwise required in the equipment specification or approved
test plan, the test signals shall be modulated according to the
following rules:

1. EUTs with audio channels/receivers
AM Receivers: Modulate 30% with 1000 Hz tone.
FM Receivers: When monitoring signal-to-noise ratio, modulate with
1000 Hz signal using 30% modulation. When monitoring receiver
quieting, use no modulation.
Other Equipment: Same as for AM receivers.

2. EUTs with video channels other than receivers - Modulate 90 - 100%
with pulse duration of 2/BW and repetition rate equal to BW/1000,
where BW is the video bandwidth.

3. Digital Equipment: Use pulse modulation with pulse duration(s) and
repetition(s) equal to those used in the EUT.

4. Non-Tuned Equi~ment: Amplitude-modulate 30% with 1000 Hz tone, or
as otherwise required in the test plan.
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7.b (Continued):

(b) uetailed considerations concerning EUT size, frequency limitations, and
construction specifications can be found in SAE J1448 JAN84. In
general, the device should be less than 1/3 the length (L), width (2a),
and separation distance between cell septum and floor (b). Test
samples of any size could be tested using a TEM cell modeled from Table
1 as long as the EUT size verses TEM cell size criteria defined above
are satisfied. (These dimensions constraints prevent excessive
impedance loading and test-field perturbation when inserting the EUT
into the cell.) Thus, a small EUT could be tested at higher
frequencies in small cells, and a large EUT could be tested at lower
frequencies in a larger cell. The procedure for testing is the same
for all sizes of cells except higher power signal sources and
appropriate high-power terminations (50n) are required when using
larger cells to obtain the same test field levels.

(c) The upper useful frequency for a cell is limited by the distortion of
the test signal caused by multimodes and resonances that occur within
the cell at frequencies given in Table 1 (see Refs. 10, 11).

(d) The useful upper frequency for the cell is reduced 10-20% from the
cutoff-multimode resonant frequency given in Table 1 to account for the
loading effect of the EUT.

(e) Because the cell operates with the fundamental TEM mode, broadband CW
testing with amplitude or frequency modulation is possible. In
addition, the cell can be used to establish impulsive wave forms for
testing by using an appropriate wave-form generator connected to the
cell's input port, assuming the frequency content of the wave form does
not exceed the multimode cutoff frequency of the cell.

Not all the tests oul i ned in thi s measurement procedure may be
required, and only those required by the test plan should be
performed. For example, if the objective of the measurement program is
to reduce the vulnerability (susceptibility) of the EUT, one EUT
orientation with one input/output lead configuration could be tested in
one particular operational mode to a preselected susceptibility
test-field waveform and amplitude. Then, if corrective measures were
made to the EUT and placement of the EUT and its leads inside the cell
were carefully duplicated, repeat measurements could be made. These
measurements could then be compared to determine the degree of
imp rovement.

b. RAUIATtD SUSCEPTIBILITY 14 KHZ - 1 GHZ, ELECTRIC FIELD AND MAGNETIC FIELD
USINb A STRIP LINE:

8.1 Purpose: This section covers requirements for the determination, typically,
of the electric field susceptibility of equipment, subsystems, and systems
(whose maximum height is less than 10 cm and maximum length is less than
2 m) in the frequency range 14 kHz to 1 GHz. However, since components of
both the electric and magnetic fields are established in the line, the
technique can be used for either electric or magnetic field susceptibility
testing.
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8.2 Measurement Philosophy: A strip line is a shieldless, unbalanced version of
a TEM transmission line which sets up a region of uniform electric and
magnetic fields in a traveling wave of essentially free-space impedance.
The primary usage of the strip line is to couple RF onto the wire harness
feeding the EUT. If desired, the EUT may also be tested using the strip
line similar to using a TEM cell, Section 7, but with a proportionally
smaller EUT. However, if the EUT is placed under the stripline, care must
be exercised not to use the test setup above the multimode frequency of the
stripline.

This technique is intended primarily for use in diagnostic testing to
determine, for example, frequencies of EUT susceptibility, some indication
of how interference is coupled into the EUT, and the relative improvement in
EUT immunity resulting from efforts to reduce EUT susceptibility. It cannot
be used to determine EUT susceptibility to absolute test field levels if the
EUT includes long wire harnesses that must be exposed to the test field.
This is because the wire harness is oriented longitudinally along the length
of the strip line. Both the E and H fields are cross polarized with the
wire harness for this configuration; hence, the coupling occurs mainly at
the ends of the harness where it drops vertically to the EUT (aligned with
the TEM E-field). It is also possible to induce RF onto the harness from
differential mode coupling since the different wires are at different
heights above the strip line's ground plate.

8.3 Apparatus:

(a) Signal Source: Any commercially available signal source, power
amplifier, and general-purpose amplifier capable-of supplying at least
100 Wof modulated and unmodulated power to develop the susceptibility
levels specified in the test plan shall be used. Frequency accuracy
shall be within + 2%. Hannonics and spurious outputs shall not be more
than - 30 dB referred to the fundamental power.

(b) In-Line Wattmeter: A commercially available wattmeter capable of
measuring 200 Wover the frequency range 2 MHz to 1 GHz.

(c) RF Voltmeter: A commercially available RF voltmeter capable of
measuring 100 V over the frequency range 14 kHz to 10 MHz.

(d) Frequency Counter: A frequency counter capable of measuring
frequencies up to 1 GHz.

(e) Strip Line: A strip line is shown in Figs. 15A and 15B. The L
dimension should be at least 2 m. The ratio of Wto H determines the
characteristic impedance according to the following equation:

Zo = 120 'IT 6 for W/H > 1
W/H + 2.42 - 0.44 H/W + (1 - H/W)

Typical strip line is generally constructed to be either 50 or 96 n
with W/H equal to 5 and 1.75 respectively. The resistive load can be
constructed of carbon resistors, conductive strips, etc. such that it
matches the characteristic impedance of the strip line minimizing the
standing waves.
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8.4 Test Setup and Procedure:

(a) Test setup should be as shown in Fig. 16.

(b) The EUT wire harness should be placed in a non-conductive fixture and
placed in the center of the line supported 5 cm off the ground plane.

(c) The EUT must not be grounded to the strip line, but may be placed on a
non-conductive pad located on the strip line ground plane.

(d) Generate the test field as required. For frequencies below A ~ 10L,
the field strength, Ev, can be measured by using an RF voltmeter
where:

Vrf
Ev =--- volts/meter

H

For higher frequencies, a commercially available small field probe
should be used to establish a calibration curve.

Ev can be monitored after establishing the calibration curve by:

mEv =--- volts/meter
H

where P is the measurement forward power into the strip line in watts,
Z is the strip line impedance in ohms, and H is the strip line spacing
in meters.

(e) The EUT shall be operated by its normal inputs, where possible, and by
simulators external to the strip line, filtered as required.

8.5 Notes:

(a) Unless otherwise required in the equipment specification or approved
plan, the test signals shall be modulated according to the following
rules:

1. Test samples with audio channels/receivers
AM Receivers: Modulate 30% with 1000 Hz tone.
FM Receivers: When monitoring signal-to-noise ratio, modulate with
1000 Hz signal using 30% modulation. When monitoring receiver
quieting, use no modulation.
Other Equipment: Same as for AM receivers.

2. EUT's with video channels other than receivers. Modulate 90 - 100%
with a pulse of duration 2/BW and repetition rate equal to BW/1000
where BW is the video bandwidth.

3. Digital Equipment: Use pulse modulation with pulse duration(s) and
repetition rate(s) equal to those used in the equipment.

4. Non-Tuned Equipment: Amplitude modulate 30% with 1000 Hz tone or
as otherwise required in the test plan.

(b) At frequencies over A = 2L, and 2W, moding may occur which will reduce
the accuracey of the fields generated by the strip line.
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8.5 (Continued):

Page 20

(c) At frequencies over A = 4H, the strip line will radiate energy.

(d) If the EUT occupies a significant portion of the volume between the
plates, the test field will be perturbed, resulting in a stronger field
than that indicated by the measured forward power.

(e) Since the RF field is not self-contained, the test must be perfonned in
a shielded room with the generating and monitoring equipment being
outside the room. Energy radiated from the line into the enclosure
will result in room resonance which can cause large errors. This
effect can be reduced significantly by installing RF absorbing panels.
These panels reduce the level of the reflections from the walls of the
shielded room.

9. RADIATED SUSCEPTIBILITY, 200 MHZ - 18 GHZ, PLANAR FIELD (FAR-FIELD):

9.1 Purpose: This section covers the requirements for the determination of
electric-field susceptibility of equipment, subsystems, and systems in the
frequency range 200 MHz - 18 GHz.

9.2 Measurement Philosophy: At frequencies about 200 MHz, TEM cells become too
small to test many types of equipment. However, RF absorbing material
becomes effective and measurements can be made within an RF shielded
enclosure provided RF absorbing material is used to make it anechoic. The
use of such a facility is required if swept frequency testing is to be
performed to contain the test field and prevent interference to equipment
not under test. Alternately, open field tests as outlined in SAE J1338 (see
Ref. 3) could be used but are limited to discrete frequencies.

9. 3 Apparatus:

(a) Anechoic chamber: The size, shape, and construction of an anechoic
chamber can vary considerably depending upon the tests to be performed,
the size of the EUT and the frequency range to be covered. Basically,
an anechoic chamber consists of a shielded room with RF absorbing
material mounted on its internal surfaces. The minimum size of the
room is determined by the size of the test region needed, the size of
the transmitting antennas, the clearances needed between the absorber
and antennas, and the separation distance required between the
transmitting antenna and the EUT. To create the test region (quiet
zone), the absorber, antenna systems, and chamber shape are selected to
reduce the amount of extraneous energy in the test region below a
minimum value which will give the desired measurement accuracy. Since
the performance of the absorber is a function of its construction
(thickness, shape, material, etc.) and the angle of incident energy,
the determination of the optimum location and construction of the
absorber in an anechoic chamber to meet specified reflectivity
requirements can be complicated. Guidelines for designing and using an
anechoic chamber for EMC measurements are available (see Refs. 13-15).
Tab 1e 2 gives a genera 1 recommended minimum tbjlokness 'Iof -tlbe absorber
for covering the enclosure walls which will provide at least 20 dB
attenuation of the reflected power.
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9.3 (Continued):

(b) Signal Source: Any commercially available signal source, power
amplifier, and general purpose amplifier capable of supplying the
necessary modulated and unmodulated power to develop the susceptibility
test signals levels specified in the test plan may be used. Frequency
accuracy shall be within + 2%; Harmonics and spurious outputs shall not
be more than -30 dB referred to the fundamental power.

(c) Radiating Antennas: Any standard antenna such as a log periodic
(200 MHz - 1 GHz), and rectangular or ridged horns (1 - 8 GHz and
8 - 18 GHz bands) shall be used. Linear antennas yield more
information about polarization if used.

(d) Sensing and Calibration Equipment: Any standard antenna with EMI meter
or spectrum analyzer or calibrated field measuring probes can be used.
Optimum results are obtained by using electrically small, isolated
E-field probes, which remove many of the uncertainties associated with
physically large receiving antennas. For a more detailed discussion
and recommendations to avoid problems inherent in probing the fields
around an EUT, see SAE Paper No. 830606 (see Ref. 16).

(e) Output Monitor: Appropriate instrumentation to monitor the performance
of the EUT shall be used.

9.4 Test Setup and Procedure:

(a) The block diagram is shown in Fig. 17.

(b) Distance from the EUT to the transmitting antenna is a function of
frequency, EUT, and antenna size. If the EUT or the largest
transmitting antenna dimension is less than a wavelength (A) the
far-field begins at A/2n. A uniform test field then is obtained at
separation distances greater than A. For electrically large EUT and/or
for antennas with electrically large apertures, the separation distance
should exceed d2/A where d is the largest dimension of the antenna or
EUT.

(c) Fields should be generated, as required, with the specified antenna.
Care should be taken so that the test equipment is not affected by the
test signals. Test equipment, except for the antenna, should be
outside the shielded enclosure.

(d) The specified field strength and polarization shall be established
prior to the actual testing by sUbstituting a field-measuring antenna
in place of the EUT and by adjusting and recording the transmitter
power required to obtain a specified field intensity from the
transmitting antenna. (This cal ibration may be used for all subsequent
testing provided that exactly the same EUT location is used.)

(e) The EUT shall be oriented in each orthogonal plane to determine maximum
suscepti bi 1i ty.
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9.4 (Continued):

(f) The entire frequency range from 0.2 - 18 GHz shall be scanned. Tests
shall be conducted at not less than three frequencies per octave,
representing the maximum susceptibilities within that octave. In
addition, tests shall also be made at the EUT critical frequencies
(local oscillator frequency, intermediate frequency and others) as
specified in the test plan. Determine the threshold of susceptibility
by increasing the test signal until degradation of performance is
observed or the required test level is achieved.

9.5 Notes:

(a) Unless otherwise required in the equipment specification or approved
plan, the test signals shall be modulated according to the following
rules:

1. EUT's with video channels other than receivers, modulate 90 - 100%
with a pulse of duration 2/BW and repetition rate equal to BW/1000,
where BW is the video bandwidth.

2. Digital Equipment: Use pulse modulation with pulse duration(s) and
repetition rate(s) equal to those used in the equipment.

3. Non-Tuned Equipment: Amplitude modulate 30% with the 1000 Hz tone
or as otherwise required in the test plan.

(b) The EUT configuration shall simulate actual operating conditions as
nearly as possible in terms of surrounding metal structure, lead
length, and terminating impedances.

(c) RF power handling capability of absorber shall be adequate to insure
safe operation.

(d) When required, a copper or brass ground plane (solid plate) shall be
used that has a min~mum thickness of 0.25 mm for copper or 0.63 mm for
brass and is 2.25 m or larger in area with the smaller side no less
than 76 cm. The ground plane shall be bonded to the shielded room such
that the DC bonding resistance shall not exceed 2.5 milliohms. In
addition, the bonds shall be placed at distances no greater than 90 cm
apart. For large equipment mounted on a metal test stand, the test
stand shall be considered a part of the ground plane for testing
purposes and shall be bonded accordingly. The faces of the test sample
shall be located 10 + 2 cm from the edge of the ground plane. All
leads and cables shaTl be within 10 + 2 cm from the edge of the ground
plane and shall be approximately 5 cm above the ground plane.
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INPUT FROM SIGNAL OR DC POWER SOURCE
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FIGURE 1- Test setup for measuring conducted susceptibility, 30 Hz to 250 kHz,
all 1eads.
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INPUT TERMINAL

I

1

SOU
RECEIVER

NOTES: 1. ALL RESISTANCES 70.711
2. ADD 10.7 dB TO RECEIVER

METER READING TO OBTAIN
VOLTAGE INJECTED INTO USN

3. NETWORK IS USUALLY
CAPACITIVELY COUPLED INTO
THE INJECTION POINT
(NOT SHOWN)

SOU
SIGNAL SOURCE

FIG.4(A) • ZG = ZR =so II

HI-Z
RECEIVER

LISN ---­
OR SIGNAL

INPUT TERMINAL

NOTES: 1. ALL RESISTANCES 86.6ll
(6-dB PAD).

2. RECEIVER READS DIRECTLY
VOLTAGE INJECTED INTO USN

3. NETWORK IS USUALLY
CAPACITIVELY COUPLED INTO
THE INJECTION POINT
(NOT SHOWN)

SOli
SIGNAL SOURCE

FIG.•,,<B) • ZG = SOli. ZR » SOli

FIGURE 4 - Test source injection network
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EUT

TERMINATING
LOADS

USN

TEST
SOURCE

INJECTION
NETWORK

POWERUNE

1

Page 26

TEST SOURCE SUSCEPTIBILITY
MEASURING
INSTRUMENT

FIGURE 5 - Equipment block diagram for measuring conducted susceptibility, 50 kHz
to 100 MHz, powerline only.

TEST TEST SOURCE
POWERLINESOURCE ~ INJECTION r- EUT ~ USN

NETWORK

I I I
TERMINATING

SUSCEP. LOADS FOR SOil
MEASURING REMAINING TERMINATING
INSTRUMENT CONTROL AND IMPEDANCE

SIGNAL INPUTS

FIGURE 6 - Equipment block diagram for measuring conducted susceptibility, 50 kHz
to 100 MHz, control and signal inputs.
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v

OV -~--

10%

V,

90%

- S

'-'---T---~

1---------- t, --------1

Jll13

--;;2---
10% of Peak; Reference OV

Vs = Oto -100V

R; = 10Q

T = 2 ms

S = 80V/fLS

t, = 0.5 to 5 s

t. = 0.2 s

'3: The smallest possible time
necessary between the dis­
connection of the supply
source and the application of
the pulse (t3 < 100....s).

V, = Vehicle Power Supply Voltage
(typically 13.5V DC)

FIGURE 7A - Test pulse 1 (disconnection from inductive loads with device under
test remaining connected directly in parallel with this inductive
load) .
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v

1--------1,-------1

I---T---,
V. = 010 l00V

R, = 10'J

T = 0.05 ms 10 0.2 ms

S = 80V/fJ-S

I, = 0.5 s 10 5 s

I, = 0.2s

10% 01 Peak; Reference V,

1-'--1,---'I

- S-

90% ---1f-"

10%

V.

V, -- ---.....I-------------~,__-r-----'
OV __ I ::::::..-L. ::::::..--.I _

FIGURE 78 - Test pulse 2 (sudden interruption of a series current).

V

V,

13--,1-'-
-------;---...,

I,

OV-L...--1

V,-t---..,

-l I, f-

V. = 010 -l50V

R, = 50Q

T = 0.1 flS

S = 2.4 x 1()4 V/fJ-S

I, = 100 fls

I, = 10ms

13 = 90ms

_I T_

s- -
--;---i ,..---

10%

90%

FIGURE 7C - Test pulse 3A (switching spikes).
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v

V. = 010100V

R, = 50Q

T = 0.1 IlS

S = 2.4 x 10" V/1l5

I, = 100llS

I, = 10 ms

I, = 90ms

spi kes ) .

V,-f-----J

OV~t--_-_-12===.1=--=--I,==l
FI GURE 7D - Test plill se 3B (switchi ng

= -2.510 -5.5V
h I Val < IV.I

= 12V

= -410-7V

= O.OlQ

= 130 ms

= 10 ms

= 100 ms

10 ms

= 10 ms

V

I Va

1\ /
wit

VB

Vs
Va Va

Ai

T
f-6.5

\ I,
I

: I.

T,

!
T,

I
OV

14- T, .. f-I, 12 T,':

\-5

FIGURE 7E - Test pulse 4 (single pulse, for example, starter motor engagement
di sturbance) •
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V,

v

I~l_--T---'I

-.. T, __

1/
90% -+--9

1/
10% ---''--_

~ 10% of Peak; Reference V,

Page 30

V, .:...+__~ ~_---_

ol-------------------_

Vs = 25 to 120V

T = 40 to 400 ms

T, = 5 to 10 ms

Ri = 0.5 to 4n

Notes: General considerations of the dynamic behavior of alternators during load
dump:

1) The internal resistance of an alternator in the case of load dump is mainly a
function of speed and excitation current.
The internal resistance of the load dump simulator shall be obtained from the
following relationship:

10 Vnom Nactua1Ri = ---.,;~~.=...:...~~--..,..

0.8 Irated 12000 min- l

where Vnom = specified vOltage_~f the generator, Irated = specified
current at a speed of 6000 min (see ISO 8854), and Nactual = actual
alternator speed (min- l ).

Ri shall represent a value corresponding to specified values of excitation
current and speed.

2) The parameters are interrelated such that high values of Vs, Ri and T
correspond to each other and low values vice versa

3) Depending on the characteristics of the EUT (possibly including Zener diodes
and varistors) the observed voltage waveform across the EUT may be quite
different from the open circuit waveform.

FIGURE 7F - Test pulse 5 (Load dump, single pulse).
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~~
•

v,

----~------ov --- --------- -----
10%

~ 10% of Peak; Reference OV

S ~. 4 V/fLS90%
1\

Vs = 010 -300V

- S '-- R; = 3011

T = 300 fLs

T, .- 60 fLS

I, = 15 S, T
12 = 1 S

,
I, . 13 < lOOfLS (The smallesl pos-

sible lime necessary belween
lhe disconnection of Ihe supply
source and the application of
\he pulse).

FIGURE 7G - Test pulse 6 (i gn it ion coil current interrupti on) .
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v

Page 32

v, +-_-,

OV-

10%

v,

90%

I
I

S r--

1+--- T --.-j

"'" 10% of PeBk; Reference OV
Vs = Oto -80V

Ri = 10n

T = lOOms

Tr = 5-10ms

t, < 100 f1S (The smallest pos­
sible lime necessary between
the disconnection of the supply
source and the application of
the pulse).
S = 6.41012.8 V/ms

FIGURE 7H - Test pulse 7 (single pulse, for example, alternator field transient
at engine turn-off).

TRANSIENT
GENERATOR LU.T.

GROUND PLANE

0,5 M

To be connected If'

necessary Qccordmg

to the ~rmQ d~QraM

of the device.

FIGURE 8 - Test setup for conducted transient susceptibility.
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Page 33

E.SD.­
generator

Jl1l3

FIGURE 9A - Laboratory testing of devices intended for installation on
ground-connected chassi s parts of v'ehi cl e.

FIGURE 9B - Laboratory testing of devices intended for installation on insulating
plastic parts on vehicle.
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160

>-
t--
l/l
Z
W
0

x 12dB/OCTAVE
::>
-It-
LLQ.

CD
(,)"0

t-
W
Z
Cl
<l:
:2

I
I
I

60 Hz
FREQUENCY 30kHz

FIGURE 10 - Magnetic flux density versus frequency.

EUT
PERFORMANCE

MONITOR

AUDIO CURRENT EUT IN
FUNCTION HELMHOLTZ

GENERATOR AMPLIFIEA MONITOR
COilS

MAGNETIC
FIELD

MONITOR

FIGURE 11 - Block diagram for magnetic field susceptibility testing.

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j1
11

3_
19

87
08

https://saenorm.com/api/?name=ad7db4a89b696ef3b6fdad939ef18ee3


Page 35 Jli 13

R- - -1.5

R(CO

UNIFORM
FIELD

REGION

COIL

'-

. R/2

IL RADIUS)

FIGURE 12 - Helmholtz coil configuration.

SEPTUM (INNER CONDUCTOR)

ACCESS DOOR

INPUTIOUTPUTlPOWER LEADSJ
fFEEO THRU CONNECTORSI

EQUIPMENT
UNDER TEST

DIELECTRIC EOUIPMENT
SUPPORT

,RF SOURCE

LAlllAl CONNECTORS
(BOTH ENOSI

FIGURE 13 - Cut-away view of TEM cell used for radiated susceptibility testing.
Figure shows placement of EUT and associated input, output and
monitoring leads inside the cell.
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Y2

XY
RECORDER

Y1

RF
VOLTMETER

TEST
MONITOR

x

H-PWR
50H

LOAD

VOLTAGE
MONITOR

TEE K~)-~----'---
TEM CELL

"'--- ~ L- --'

SIGNAL
SAMPLER

LOW-PASS
FILTER to--

HIGH
POWER to--

GENERATOR

EUT = Equipment Under Test

FREQ.
COUNTER

Block diagram of system for susceptibility testing of equipment (used typically
below 10 MHz)

ADDER

Yl

2 CHANNEL
XY RECORDER

I

HI-PWR
5011

LOAD

TEST
MONITOR

I

PWR MTR
Pre,

EUT = Equipment Under Test

DUAL
DIRECTIONAL

COUPLER ~TE~:~
1..-- ..... ... "'.

I

PWR MTR
p,",

I

SIGNAL COAXIAL
r- SAMPLER I-- SWITCH r-

LOW·
PASS

FILTER

x

SWEEP I-- HI PWR I--
GEN AMP

Block diagram of system for susceptibility testing

FREQ
COUNTER

H-PWR
50l!

LOAD VP:IG.
Eo = -"-' (Volts/Meter)

b

of equipment (10 - 500 MHz)

FIGURE 14 - Block diagrams of TEM cell systems for susceptibility testing of
equi ~ment.
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1, ....-----------;;. 3L/2 + 30 em .1

;;. w + 60 em

RESISTlVE~
LOAD ! L

rt
;;. L/2

0 H 0 0 Al
t Z DIELECTRIC RODS

EQUALLY SPACED
AS REQUIRED

FIGURE l5A - Design for a strip 1i ne.

STRIP LINE .

GROUND PLANEJ

SOlDER

FIGURE 15B - Details for strip line design.
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GENERATOR* AMPLIFIER* WATIMETER

Page 38

STRIP LINE

"More Than One Genera/or & Ampliler May be
Required /0 Cover Entire Range

FIGURE 16 - Block diagram for strip line.

BI-DIR
r-----UCOUPLER

LP
FILTER

RF
AMP

FREQ
SYN

ANTENNA

COMPUTER

EUT
POSITION

CONTROLLER

FIBER OPTIC
RECEIVER

DATA SYSTEM

FIGURE 17 - Block diagram of system for susceptibility testing of equipment (0.2
to 18 GHz).
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TABLE 1 - TEM Cell Dimensions

TE Ol
Ce 11 # Recommended Cell Plate Center Cutoff/multimode

upper form separation septum frequency
frequency factor b W Prop.agation Resonance

(~1Hz ) alb (cm) (cm) (MH z) *(~lHz)

1 40 1.0 150 124.5 29 44

2 60 1.0 100 83 43 66

3 80 1.5 60 68 66 86

4 100 1.0 60 50 72 110

5 120 1.5 40 45.6 100 129

6 150 1.67 30 36 128 162

7 160 1.5 30 34.2 134 172

8 200 1.0 30 24.9 143 220

*Resonance frequency calculation based upon resonance 1ength of ce 11 equal to 3a.
(for example, 1.5 X width)

TABLE 2 - Recommended minimum thickness of absorber
for covering enclosure walls

Frequency Absorber Thickness
MHz in (cm)

200 36 (91)

300 24 (61)

500-1000 18 (46)
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APPENDIX A

Line Impedance Stabilization Networks

C BP ,
SOA

~\'p-""",O~ PR,
15A

B

The following schematic diagrams are suggested for use in constructing the line
impedance stabilization networks required for performing the conducted
susceptibility measurements outline in Section 3. Care must be taken in their
use to insure that the impedances specified in Figs. 3 and 4 are obtained.

TO EQUIP L*
UNDER TEST A (APPROX. 50 !J. H)

-~ BP 0 .....

C2 CJ
R4 ::::: 20p.F TO.03P.F

600V 600V >

~ BP

In
250W

connected for measurements.

R3

25 Kn
20W

_~ 0.1 p.F
'r" 600Vz,--

NCe?-y--~

I
I
I

! lKH
~ ~ 2W

Bei\
\ -b

50 OHM COAXIAL
TERMINATION (IN PLACE

OF RIFI METERS)

- Impedance presented to the equipment when

NC

- Impedance of the power source used.

- Heavy duty binding posts (mfr. standard electric time co.)

- Power receptacle, 115 V, 15 A (3-wire polarized twist lock, male base).

- Power receptacle, 115 V, 15 A (3-wire non-polarized, "U" shaped
grounding slot).

- Type "N" connector (UG-58/U) panel mounting.

- Coil - 26 turns of no. AWG-6 stranded wire with 600 V insulation wound
on 5.5 in (14 cm) diameter coil form.

CASE - 17-1/2"L x 17-1/2"W x 8-3/4"H (44.4 cm L x 44.4 cm Wx 22.2 cm H) brass
(divided in two sections by a brass plate 17-1/2" x 8-5/8" x 1/16"
(44.4 cm x 21.9 cm x 1.6 mm) thick).

NOTE: Dual line stabilization network consists of two of the above networks.

FIGURE Al Line inpedance stabil ization network (USN), 50 kHz - 5 ~1Hz*
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